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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film depositing apparatus and a 
film depositing method in which an ALD method can be used with a high 
productivity without using any high-speed switching valve. 
SOLUTION: The film depositing apparatus comprises a chamber 1 1 which 
houses a substrate W, a substrate support member 1 2 to support a plurality I JCV 
of substrate W in one plane in the chamber 1 1 , a first treatment gas ■ 
ejecting nozzle 20 which is provided in the chamber 1 1 and ejects TiCI4, a 
second treatment gas ejecting nozzle 21 which ejects NH3, a rotary 
mechanism 14 to rotate the substrate support member 12, and a heater 16 
to heat the substrate W, and a Ti monatomic layer and a N monatomic layer 
are alternately formed on the substrate W while rotating the substrate 
support member 1 2 to revolve the substrate W. 
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£3Sl^S#*q££ija$£, 

lit *«2 ] flffiss i <D%im*f attorn t mtsss 20 
KB * ixri/ > 5 r. t ft«18 t i- 5 1 fdfEtt<z)^JS 

W*I5»to*-fr5 r. fc SrW»i:-t-S»*« l ^ 3 
5 ] ftrlESS ft i C * it 5 SKIaHEtiMf ft $ 

fe t-^i- 6 r t ft 4T« <t -f * »*«S 1 b if 4©^ 30 

*^f)S«^Wt5 r t ft«M»i:i-SHl*3l l a>e>fl| 

«FSti7tS«(Z5±ir^ib*«ft*DS»-rsr. t ftW«ti- 
l 6 oh vftiri* l iS^ett^AIIBS 

So 

[|f^8] ftulE^lCD&LJl^fi, AU Z r> T 

i, Ta, S i, WioitJ«Ru(DH^ftoll^ 40 

£i-5»*S 1 a>fe»*S 7 ©V^*L36» 1 JSfclE*^^ 

[!S*l9] A 1 2 Os , Z r O2 , T i N, T a 
N. Si02, SiN s Si ON, S i OF, WN, W 
S iJoJ:i;Ru02 o^^ftt^iMMt^ri 

ft«M»ti-s»3fcJS i a>e>»#jg 7 <zn v-rna* 1 jskie 



^i5ffira<^*^^^m^tes^ft*Aur*s«L 

S^»H«o«»ftiiiS-t-SJ:5{-, EL 
rntcj; 0«rlE**±^*W^Jiftai«W*-»J«L-Cit 

rttftf»w^s/S*^r^*oi«ft^i-s 

1 ] SWS«L31^^tt, AK Z r , T i , 
Ta. S i . W*3J:r^Ru(D5*>V^ix^ia(^7C*ft 
^tr^ 1 (DfaMtfa t , N*fcJ*Oft$tf»2tf>*a«;tf 

* k ft^rrs r t ft#*i: -raw** 1 0 cct^Ai 
12] ^ rt-ettjScoSttft^PffiWJw 

Ell, £*ft^*s ^^>y<-p^C0St>iC 

2 ^^^^p±aja5^b- : etL^^ 1 ^rawf^ss jtt/ 

»2<D&S#*ftfchttiL-t\ SffiJbd, Ml^l^ 
J: 3 »2(Z)«iS^^{-J:S*ll^-Jitft 

M*«i3] £kK£ffiftSte£*5r £ft#«£ . 

14] » 1 is j; u*ss 2 <D&imtfx <DP&mm& 

^b*tiifit^(ES*5 i t tKttt t5»*J 1 2 

[IS*«15] )MrlB*l<Z>fta^tt, AK Zr, 
Ti, Ta. Si, Wio J: UfR u O 5 *>l>f il^ 1 1* 

Wia»2o«iai^ttN*^fioft^tpr tft» 

[19*^ 16] AI2O3, Zr02. TiN, Ta 
N, S i O2 , SiN, Si ON. S i OF, WN, W 

ft#«£i-58»#«i o^b»*:3gi 5©v^*t**i« 

[0 0 0 1 ] 

D (Atomic Layer Deposition) feftftlffl LTfijc^l"^ 
[0 0 0 2] 

titc&mm<Dfc— /wftSi?)iitffcJ6(c, fe5VMi^<y r 
i^Lt, WSi (^y^ryv^yt^K) , TiN 

h7^( K) . t i s i (^^^>-y^-r 

K) «^«{b'&»ft*«[Sii:-C»IWft?g^LTl^o 
[000 3] «3(£, -nb&JRfb^»»B!«:*fflW*» 
(PVD) ftffli^r^RSttri^^, ftiff^J:5f-7 f 
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zx\ t i Nm*£v &w<vmzM&-f%^ k*m&x 
zzik^ftmm (cvo t^it^r^^tit^ 

[0 0 0 4] L^L^/O^. CVDlCiott), ^ff, 

[0 0 0 5] fi:»^^K^^M{t:^#i»^^«;^ 
tt*5J:^^^^^L — iS&<M&-fZ>&mk LT, 10 

ifi«F, ALDfe^&g £*IT^£ (4#HfjBg5 5- 1 3 0 

P^i^ lft<Z)^m/N^gagL, tfft^-^TiC 
1 4 ^^«LTT i ©J*LflK^»S:K»S^ tfcl^-C 
NH 3 ^^jf&LT^OJbtCNO^Il^JBSrltSIS-tir 

4:i£J:9> BfKWS^T i NltrftS. 

[0 0 0 6] 20 

[«W^#jfcUJ:5 L^Uft*«fe, ALD 

tfx&m&LXlftcDtfx&st-itlrZ&m&hZfrft, 

[0 0 0 7] *^Mtt^^S*«t-«^r*StL^t^ 30 
[0 0 0 8] 

^s^^^p±mr5m2^^s^^o±taa5<t> nwa*R 

[0 0 0 9] ftiCBtttiLfc: 



[0 0 10] ££>{c, ^^ii, rt-C«*<0 
rt<DS^(c:S^Ste:fi^S:ttf>tL^mi <DtoM#x 

5 4UK?J| <t SrXHtcflMW 5 £ k fettfk 4: -T -5 
[0 0 11] *«WJC«ttt«, ALD&SrfiJfflUTfiKlR 

*a«xf^a:m«*5 J: 2 ©aa^sretm-t-siB 2 co 
* P±tH2I5^ & -t *i«tis 1 o&astf* *3 «t u*jg 2 

^s^^tct^mim^-eir^^^-r-sr k&x 

no^kfcxz, ±m&*m#>z^kfcxzz> 0 
[0012] MnedURKBicisv^T. mzm 1 <n®mx 

[0013] Mmmi<n&mtfx&&%v>kmmm2<D%L 
m#*i±m&k(Dm£'*—*stfx&*ktti-rz>s<--i?tfx 

So 

[0014] MI5IsIte«*ti, S(rlEJE«3t«?SWtJc3E» 
[0 0 15] SfrtES*R*ite*^:SSSlHlte««*$e> 

[0016] «neaiiR#ft(i:, buiss^^^^w^t^- 

LXh&\<\ 

[0 0 1 7] «na«K*ttfc:fc^-c, ^^t-S^^Ste 

v\ 

[0018] ffiflEM 1 (D&mtf^te. A U Z r , T 
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i,Ta, S i , W^o XrjRu CO ohl^tl^ I 

[0 0 19] WIBJ««»Hfc«tO^*HI*rfttt, A 1 
2 Os , Z r O2 , TiN, TaN, S i O2 , Si 
N, S i ON, S i OF, WN, WS i *3«fcT*Ru02 

[0 0 2 0] 

<Z>rtffltf>¥ffiia-efc3o rrT?fiALDffiS:fiJfflL^:C 

[0021] :ocvD«iioii Kffi3l*pr« 
-t <z> * tttMaBfr-r? *> 6 £ ^w^ttK¥{- 4 ft 

KifcoT^S. !>x/Nj«faWi2©Wl:iiT 
* — 1 4 9, InlKtti 3 

»1 2 a^^£;ftfc^^WJ:i. 2 
tOliltetC J; o T EHEM 1 3 9 «fc 5 fcfco 

[0 0 2 2] $^'^3&9ffitl 2©T*^f4, fc — * — 30 
3E«rtB*Tl 5#R»tfe*i"C*i!K r©fc-^-*»«tt- 

[0 0 2 3] 5=-^ 1 1 CO^^ 11a Kite, mi<D 

«is^ettHyx^ (^icoMS^^o±ffia3) 2 0*3 J: 
t/B2w*aa^ntttiyX7u (fK2o4aa^p±:aa) 

2 1^ ^co^^thtlj P20a, 20b^ V^'^ftU 
tti 2<D±mzttfa£&tcftmx&tfbtiX^Z> 0 ^ 
6>JBlo«i3a^etai/XyW2 0 33J:TJ^2 <otem#* 

ptttjyx/u2i^ m2^-r j; 5 2 o-foRttbn 40 

r tl 6 (Kill ^x/NW^ltWH^o t P3 

ttay x^2 ojsj:t/«2<75*a i a^efca/x^2 m 

iHltettl 3£*&<b U9 0° Wfta-CE«$ttTV> 
£ e ^7t. ?-*>v<— 1 KO^Sl 1 af-te, 4 

-^^Dtai/x/i/ (^^— ^^ptma) 2 2«t 

5Sl co^^f^tbtB V X/u 2 0 *3 J: T>*H 2 <z>«yS;tf ;* 

n±t£u x^ 2 i wrflicfie-r 6 <t 5 icri* &*i-ci^s. 

[0 0 2 4] [§|3 (a) 13® 1 <D&a#;*ni:fcH/ X/U-2 

o&£Tfm2<D%imifxQ±my x/u2 lcowsur^ so 



5o BI3 (a) ^i"J;;>[C, *l*3j:t«|2 0ft«^f 
**fcfcti/X/U2 0, 2 1te, ^ft^ft^^<D;tf*P£ajP 
2 0 a, 2 1 a ^tltio^ r^S^HlP 2 0 
a, 2 1 a 1 1P^(C^^!7— ^tiC^a^ 

^*PtBi^S<t 5Jd«*$ixT^So El 3 (b) 

tt/<-'^ttUiy X/U2 2cOiIitfc5o El 3 

(b) i^^-rj: ittfanktiiS X^2 2d 

»JcRJtbixfc*«[Oti:an 2 2 a p±W 
P 2 2 a ©T*lCR*+e>*Lfc>^*— b^R5 2 2 b <t£W L 
T4o 9 v tbtfJP 2 0a a>£>^-f 1 1 — 

ttl^jfia^SretU-rSiritl^ bU2 2bi; 

[0 0 2 5] i^^PttBy X/U2 2tf>#*n± 

fflP2 2a(l mi <D&im#X*k&; o&xxjm 
2^I^liffly X/U2 1 qtfcijP 2 0 a, 2 1 

a i ^ fc±*{cRtte>ixr*5<9, rtitcj: 10^1 
tfx&m^km2<D&mtfx&m&k&s<—i?tf*<Dx. 
T#—^>-\z£ioftMTijm^te^x\s^z> 0 m^yx/u 

2 0, 2 1, 2 2^P)lt t$t5^«I«3 0^ 

[0 0 2 6] ^«i«3 0ll * y-n>^t' 
fe^ClFa 4rfl(f»i-6 C 1 F a ffc^i! 31, Ar £rffc 
^ArW3 2, T i C 1 4 «:Mt5T i C 1 
4 ftjfSjKi 3 3, NH 3 &&&-f% NH 3 flWfrjR 34^t 
Lt^Sc ^LT, C1F3 WJ&aa3 1 tCfSC 1 Fs 
^7>f^35^ Arftgj|3 2{C&Ar iS^^^Z 
6ri*, T i C 1 4 MS3 3 {CliT i C 1 4 V 

3 7^\ NHs m$M3 4 fCflNHs H*?^ >3 8^ 

4 O^ct^^^n — =i v laSRttbftTt^ 

[0 0 2 7] TiCl4*M33^5)It;5TiCl 
4 ^/^^-f>3 711, Si <D&im3fX*kttiS X/\s2 Ofa 

h&xf%#*wM4 2{z.mmzftx\<^ 0 tic 

T i C 1 4 ^^Ef 4 2^riioT^l <D%imtfx»km 
y X)V2 O^bntttJSttSo *fc, NH 3 MI3 4^ 
^5i^5NH3 ^^^-03 8fi, f5 2<r>ttkmtfxitkm 

/X/U2 l^^^U^5^^IS i ff4 3JC»K*tLTi3D, 
NH 3 ^^NHa ^7>f>3 8*5j:t5^^ISl : 4 3 

Sraoti2^i^ptai>' X/W2 l^bPtttj^tt 

5 0 ^^>{-, Arftgfi3 2H^Ar^7^> 
3 6f±, ^-^P±HjyX;U2 2 ib 2£ 1^51^4 4 
i-^j^^tLT^o^, A r #*tf5A r tfX?^ ^3 

4&m-oX/<—i/tfXQ±tii;X/U2 2^feefcfcB 
Jtl5 0 ^^IC^fc, C 1 Fs «J(&jS3 1^?>M5C 
lF3^7^>3 5{:it IE«4 6, 4 7, 4 8^ 
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Wt£tlX&9. mP)Ef4 6, 4 7, 4 8^P>iS*4 
2, 4 3, 4 4^^>LTMl<Z)^^^^tbt±S/XyW2 
0, »2<754aa^etffi-/X/l.2 1 , *5J:W^— 

thttjy Xyu2 2^^^ y^y^tfcsc i f 3 # 

**efcffl^fiB<tftoTl^So **5, Ef4 5, 4 6, 4 
7, 4 8 1^ tilftl^^4 5a, 46a, 47 
a, 4 8 a aSRt+fejh/O^o 

[0 0 2 8] 3-* l"<— 1 1 CDf&m lib -tO«f» 

*«fc#*P 2 5jdSR«te>ix-c*3 0, reogNftP 2 51: 
tt#**2 6**«RSixrv^o 2 6i:(» 10 

«3fi«2 8dS«tt*nT*3i9, #»SSB2 8SrfHttS* 

5 r £ J: 9 ^ 1 l rt ^m^^K^S^ -e«E 

[0 0 2 9] ft*5, 2 6 f*#*P 2 5 d^Sil* 

Ml 3tt#«*2 6<DSEa5CO^^iloT, 2 6 

£IaHE«ll 3 <t<7)fy]iCte x flttti/— yU2 7^R(te>tLT 

[0 0 3 0] r(C)«l:5^«^Stt^iCVDfigK3S«^*5 20 

A Lx 1 2 O^x/^gj 12ai:[)x 

^wtrilfSo #;^T\ b — * — i 6 J: <9 ^x/nw^ 
»JRLft^fei>^Xl»»«l 2*rlHie**, 
2 Sia^ft^-l 1 

StUiy XyW2 0^£>A r fd^rir !i T^-frfcT iCUif 
^2cO^S^^tbm/XVW2 l^f)NH 3 

v^^qtfctJ/Xvl^ 2rt>ib^— i/Jf*t LTcO 

Ar^ fr-tti^etwttm 30 

[0 0 3 1 ] ^x/n^M 1 2 <D pai^fMfB 12a 
CDr^yNWCD^x S^J^^l co^S^^thtiiy X/U2 
O^btiittJSn^iT i C 1 4 tL5 2#C{Clo 

^Ttt, **&£*L*:T i C 1 4 J: 9 T i (D^m* 

■**»*Lfc*. *^3»W»tl 2©HSlc±D, '< 
— v^^Pfttjy X/U2 2d^Q±:ffi^tt7tA r Jf*(D^T 

fettHiSfLfcNHs Jtf^ct 9 T i <D*S^gC0±tCN 

£;fxSo v^XPttti/X/l^ 235^PtW^ 40 

T i o*JW^»^J:trN(Z>»]B^-JB^#M&Six. r*ta« 
9f«lHl»ftl9 3gS^-CBFf^ffS(DT i NB&WSrifcSix 

HJStlfcNHa ^^^«^$n5f&^2tt^O^TIi, 

*^^3d«BWl 2<^lH]|stcJ:i9, /<— s*jtf;*ti:tti 
/Xyl^2 2^bPtm^^l/bA r tf*(D^7 H — >£rii 
i§LT, ^l co^^^p£tH/X/U2 0^>bP±tlJ^4a7c 
T i C 1 4 <fc 9 N<7>iI^f(Z)±lCT i <D&m* so 



y^— i?tfxi±ttiS X/U2 2 ^bthttl ^Hfc A r 
i c 1 4 ^ioJ:t;NH3 #*co»R%&j£lzifc CX 

[0 0 3 2] £fc* r.CO»^tCjolt-5^1<7)^LS^P± 
tfcjy Xy^2 0*5j:^2COMa^/^Btttjy X/U2 1 cojf^ 

/X^2 2t^^^WtorflRi, 

^^3ftST i C 1 4 ^fi^ir/NHs 
— 1 6<Z>*DSfci&*fcJ:T i <t N <h CO^iS^ii LrciSH 
[0 0 3 3] [H 3 (a) [ZTjk L » 1 

a^etttjyx/w2 o*3«tt/^2^&3®^i±UiyX/u 

2 1 fi, PttHP 2 0a, 21a £*<DT*K(fc«i-5S 
tE3ti»*»l 2^«»$ti^i>^NW*ffi^co|IB<^SE«l 
hi^O. l-l0mmi:4SJ;5l-iait5r^^ 
#£ 0 ^fc, El 3 (b) ^L^«Jt*r*-r5^— ^ 
^Ptttjy X/U2 2{i, SfcttiP 2 2 a t-t^T^^ffi«i" 
5SS5ftffl»l 2^«F^tt3t^niyNW^ffii:(0^(0 
£gg|h 2^0. 1 — 5 Ommi^^J: 9 ^ t 

ha^i. 1 — 5 Omm^nc^ J: 9iCgfigi"^r i:755-e 
# 5o L < fi. hi^O. 1 — 5 mm. h 2 & 0 . 

2 — 10mm, h 3 ^l. 2 — 1 1 mm t * ^5 «t 9 y 
X/U 2 0, 2 1, 2 2 £iag-f5 0 
[0 0 3 4] T i N&mZlC&ttZZtl^tMDtf 

T i C 1 4 >tT^^ft* :1 — 50sccm(0. 001- 
0. 0 5 L/m in), ftiZ L< U5-20sccm 

(0. 0 0 5 — 0. 0 2 L/m i n) 
A r 13^ (3rY U T2f*>) : 10 — lOOsccm 

(0. 0 1—0. 1 L/m in) . T i C 1 4 ^/^^{g; 

NH 3 ^^^4 :50— 1000sccm(0. 05 — 
1 L/m in), £F£ L< 5 0 — SOOsccm 
(0. 0 5 — 0. 5 L/m i n) 

Z/tfxffim :100— 1000sccm(0. 1 — 
1 L/m i n ) 

^ l^9£E^ : 1 0 0 mT orr— 5Torr (1 

3. 3 P a — 6 6 5 P a) , L< til 0 OmT o r 
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r — lTorr (13. 3Pa-133Pa) 
M&mm : 300-700 ff*L<!44 0 0-6 0 

ox: 

[0 0 3 5] £l±<D£ilcl,X, SS2^E«*nfclBl 
X;l/2 l^btMtlT i C 1 4 ^f^*5ctt>*NH3 

tWHoo, 2*iHHES-frr, 
^Wl:T i c 1 4 ^*5J:t5NHa ^^^rSfS«-*if&i- 

L D&tdJ; 19 T i <^¥^S*5J:U«N(^^JS^-S$r^2 10 
£ffl*asB5V\, s<—¥tfxitkti!lSX/U2 2frh'< 

*Lr*»ftK«*rB35Jh-rsri:*s-e#5<0-C, «t <9 A 20 
[0 0 3 6] r<oj:5*T i NK(7>Jg*Srj»t)3gLfir 

ClFa S3 1^5>^9^y3 5, Eff4 6, 4 7, 

4 8*5«tt5ia«4 2, 4 3, 4 4^U;X^2 0, 
2 1,2 2frbC 1 F 3 #x£o±tii£-£rT^-V>v^— 1 

[0037] :^ y — ~>ymz&ftz>c if 3 ^ 
ft*, ^^r^-rtff*, * y— ^^aana, 
^Ti-^i-<t 5 j-k^-ts r. 5 0 30 

C 1 F 3 ytf^Scft : 1 00-500 sccm (0. 1 — 
0. 5 L/m in), L < 112 0 0-3 0 0 s c c 

m (0 . 2 — 0. 3 L/m i n) 

^ P^EE^J :1— lOTorr (133—133 

0 P a ) , & £ L < 1 — STorr (133 — 665 
Pa) 

* y— ^^ifij? : 2 0 0-5 0 0^, #*L<I*2 0 

0 — 30 ot: 

[0038] m&mmmmic&zcvDf&mmm 

^Ml 2^^t9td^inyN^g|5^i 2 ' Srffl^T 

3^£#Mtttl2' tt, ^^W5 1 <Z)_h{;i, 4o 
(i4f|j:2 0©^I/T) CO^/n^t — ^/U5 2*5IhWE 

5 9[Hliite£it£r b\Z£ <9, ^x/Nf-^U5 2 
Tcot i C 1 4 ^f^joit/NHa £ J: 0 — m&l— \z 



6' *rRttarfcas»SLif\ 15' Jit:-*-i6' 

[0 0 3 9] £tb(C, i5^»ltli, 
LT<7)T i C 1 4 ^fcil/NHa ^Sr-ttt^ix^^ 
K6 0 *5«fct^>-y ^ y K6 l^bft^t^) 

f>f^^^4ttS(7)*#6 0 a<DTffit-#St 
Z>#XPd:ttl?L6 0 b*s*j*S*L-C*5 5, rc^^^P±m?L 
6 0 b^feJS— JC^SrftfcUii-So ->tl7-^yK6 1 

*>^r!7 . ^ K^rffl i ^ r <b J; o 1 -)x/nw(^- 

ct i c 1 4 ^^iWHa ^*«»tsr^^-e 

[0040] ^^tc^fc, m 7 (ommmm^^ m 1 <n 

®>mtfxnkttiS X/U2 OioJ:t>^2co^iS^^0±tB/X 
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